Abstract. This review attempts to place the observations of extragalactic planetary nebulae in the context of galactic dynamics. From this point of view only the radial velocities of the PNe is important. We have built a specialised instrument to detect PNe in distant galaxies and measure their radial velocities in one step. This is explained in some detail, along with classical techniques for obtaining kinematic information. The review includes a vision of possible future developments in the field.
Spiral Galaxies
Many of the dynamical properties of galaxies are most easily seen in the case of spirals. Their defining property, which is a bright stellar population in coherent rotation, makes it relatively easy to determine the size and (apart from a sign ambiguity) the orientation of the galaxy and its rotation speed as a function of radius (the "rotation curve"). It has been found that a large fraction of the neutral hydrogen rotates along with the stars, allowing sensitive radio telescopes to map the disk to fainter limits (see Fig. 1 for a state of the art H I image).
The non-coherent motions of the stars, usually expressed as the standard deviation of the three velocity vectors in cylindrical coordinates, could be determined, at least for bright galaxies, and this gave clues as to the total mass density of the disk. The rotation curve itself provides a measure of the enclosed mass, and these diagnostics lead to the conclusion that in general considerable dark matter must be present. Observations of the neutral gas out to large radius from the centre, where the stellar contribution to the mass density is very small, suggest that a dark matter halo becomes dominant in most cases. Note that much of the progress in understanding spiral galaxies is possible because the geometry and orientation of the galaxy is evident, and to a lesser extent because radio as well as optical observations can be employed.
Elliptical Galaxies
The situation is quite different in the case of elliptical galaxies (frequently, and unfortunately, referred to as 'early-type' galaxies in the literature). Most of the following remarks apply to the intermediate type S0 galaxies as well. With their characteristic paucity of neutral hydrogen, the kinematics of these galaxies have traditionally been obtained from stellar spectroscopy alone, measuring line-of-sight integrals which are then deconvolved into velocity distributions by template-fitting. The effort involved in doing this is considerable. Moreover, it turns out that the velocity dispersion is usually comparable to, or larger than, any systematic rotation which may be present (see for example Fig. 2 ). This means that, contrary to intuition, rotation alone is not in general responsible for the observed ellipticity of the galaxy. Much of the cause must be sought in incoherent motions, expressed as anisotropy in the velocity distribution of the stars. The anisotropy is difficult to determine from the projected velocity information and the orientation and axis ratio cannot be determined unambiguously from the projected surface brightness. It is difficult even to determine the shape and orientation of the galaxy -an apparently round, spherically symmetric galaxy may be elongated along the line-of-sight and even then this axis can be shorter (oblate galaxy) or longer (prolate) than the tangential axes. Note, in passing, that it can be shown by simple order-of-magnitude arguments, that the optical depth of stars along a random line of sight through a galaxy is small: galaxies are transparent. Thus, the integrated spectrum of the starlight contains roughly equal contributions from the "back" and the "front" of the galaxy. Despite these difficulties, integrated light stellar spectroscopy is responsible for virtually all of the basic information that we have on the kinematics of elliptical galaxies. The crucial limitation has turned out to be that, beyond about 2 R e (the effective radius R e being the mean radius of a contour containing half of the galaxian light) the surface brightness becomes so low that accurate sky subtraction becomes impossible. The problem is exacerbated for relatively nearby
